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PI3ER GLASS CCMPOSITION HAVING 
LOW I?ON OXIDE CCNTENT 

Technical yield 

rae-invention-hereln-reiates— t:o aiJca-iina- 

resistant glasses. While it pertains to glass bodies 
generally, it nas particular pertinence to glasses which 
are fiberizable. 

Background Art 
Tne natural mineral lecLites are a group of 
hydrous aiicali and/or alkaline earth aluininosilicates 
•^ich nave an open tnree-dimensionai crystaliine CraM- 
'-«r)c. While a Large number of individual mineral 
zeolites are known and have been described m the 
literac'-ire , eleven (11) nunerals aatce up the major group 
of fflinecai zeotites: anaicime, chabazite, clinoptilo- 
Lite, ertonits, ferrierite, heulandite, iaunjontite, 
fnordenite, natroiite, pniiiipsita and vairakite. The 
chemical and physical properties of these major minerai 
zeolites, as well as the properties of many of the minor 
mineral zeolites, are described extensively in Lafond 

Industri al Minerals and Rccigs (4th Ed., i975), pp. 
1235-1274; Brecfc, Zeolite Molecular Sieves (1974), 
especially Chapter 3; and Mumpton (ed.), Mineralogy and 
Geology of wetura l Zeolites . Vol. 4 (Mineralogical- 
Society of America: Hovenber, 1977). These publications 
also describe the geologic occurrence of the natural 
mineral zeolites and some industrial and agricultural 
>ises which have been proposed or in which the natural 
mineral zeolites are now being used commercially. 

It is important to note tnat t^.e .-.a rural 
min>fal zeolites are an entirely different class of 
materials from tne 'synthetic zeolites" which have been 
widely described in many recent articles and patents. 
Because there is no universally recognized system for 
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.-.aaing zha synthetic Jeoiises, and because sooe of -jie 
syntnetic aateriais exhibit x-ray diffraction patterns 
which suggest possible similarities in structure with the 
natural aineral reoiites, some reports in the literature 
—and patents- have descrTbed'certTilTsynthetic^ Teol^ 
•syntnecic- versions of the natural aineral zeolites. 
Thus, for instance, certain synthetic zeolites have been 
describee as "syntnetic analciW or "synthetic aor- 
denita* and so forth. As noted In t.ha aforementioned 
arecx reterenca, however, tftis approach is technically 
;^T3ound and has merely Led to confusion between the rrfo 
■2) ^r-er-wise distinct classes of aiateriais: t.ie aaturaj 
ni-.erii leolites and synthetic zeolites. >Mle it has 
=-een reccgaized tnat tfiere are structural similarities 
=ev-een -..-.e tvo groups, it is clear that the natural 
amerai :eoiites constitute a class or materials signifi- 
:ar.::y separate and distinct in structure and properties 
frca -..-.e 9-/nthetic zeolites. 

::iasses are vitreou- naterials composed largely 
oz 3;..ra. Because silica is a highly refractory 
=atsr:j:, -owever , substantial quantities of soda ash, 
nae cr otner fluxing materials are added to t.he silica 
to perait t.he glass -forming composition to be melted at 
reasonaoie temperatures. SmaU quantities of other 
tnatsriais, usually elemental materials or oxides, are 
commonly aaaed to glass melts to provide particular 
properties such as color or chemical resistance to the 
finisned glass. Heretorora, nowever. tnere nas not been 
any report of significant usage of zeolites in glass 
■natricies and particularly as the principal component of 
a glass aatrix. One experiment has bean reported in 
-nicn a ciinoptnoiite and glass .mxture was firea at 
300 -c (well below the nelting point of either) to produce 
-nat was aescribed as a porous low density glass composi- 
tion; see Muapton, suora, p. 197. referring to TSuaura 
Japii.iaae published application 74/098 ,817 ( 1974). 
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AUcaiine resistance ia provided in soma glasses 
by cne inclusion of zirconia and/or titania, such as in 
.^R glasses o£ Pli^cington. Alt^iough these oiatariais 

enn anca - t ne~a i )ca iXna ' res Is tahca" "o f " g i ass bodi esT "t he s a 

ara refractory natarials which increase tha Mlting point 
ot sucn glasses. Also, xlrconla and tltania tend to add 
cost to tha glass inasmuch as thasa are much rore expen- 
sive cnateriais tnan silxca, soda, caicia and the usual 
components of soda liaa silica glasses. 

Aitnough calcia tanas to lower tna :neiting 
point of the glass ccmpos i tion , a general admonition 
exists m tne glass technology against using caici'um 
oxide m soda Liae silica glasses in quantities greater 
tnan about ricteen percent (151) by weignt of the glass 
body . 

Disclosure of the Invention 

Objects of tha Invention ; It is an object of 
the invention to produce low iron oxide, allcaiine- 
resistant glasses from modified* naturally occurrir.g- 
zeolite roaterials. 

Another object of the invention is to .-nodiSy 
naturally occurring teoiite materials with readily 
available alJcalina earth compounds. 

A furtnar object of tne invention is to form 
glass bodies from modified naturally occurring zeolites 
at relatively low temperatures. 

A still further object or tne invention is to 
form compositions having improved properties, m par- 
ticular, f iberizability and/or ai;<aiine resistance*. 

Summary of the Invention : The invention nerem 
comprises glass compositions which have outstanding 
resistance to alkaline environments. Sucn giass ccmcosi- 
tions ara characterized by a relatively high calcia 
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coaeMt tad « relatively low silica content and a vmty 
loir froo o«id# contant. In particular, these glass 
compositions are derived from selected or treated 
natural!/ occurtiag zeolites to which alJcalina earth 
compounds, especially calcium compounds or caiciuar and 
magnesium compounds, ar.e- added to yield a Low-silica, 
high-al3caline earth oxide, especially calcia, glass 
composition. Also included within the scope o£ the 
present Invention are glass bodies, particularly fibers, 
formed from the aforesaid glass composition. 

Detailed Description and Best Modes 
^or Carrying Out Invention 

The present invention relaces to Low iron 
oxide, allcaline-resistant fiber glasses containing 
relatively high quantities of one or more al}caline earth 
oxides and particularly to glasses comprising silica, 
alumina, calcia and combinations of calcia and magnesia. 
A particularly useful alkaline-resistant glass has the 
following composition: 

Silica - about 30% to about 60% by weight, 
aluaiaa "^;iSSiia^ by^ight, calcia - about 

L3% to about 60% by weight, magnesia - about 0% to about 
301 by weight wherein the calcia plus magnesia content is 
fro^bou^O%to about 60% by weight , andf^jlMt^'lralTSK^ 

It is significant, as described hereinafter, 
that such glasses may be easily and inexpensively formed 
by melting a calcium compound, in the form of Limestone, 
for example, or a calcium compound and a magnesium 
compounc, such as found in dolomite, with a seLecced or 
treated naturally occurring zeolite. However, glasses o: 
excellent resistance to aDcaline attacJc may be formed by 
starting with conventional materials such as silica, sodi 
ash, an alurainate. Limestone and/or dolomite. Such 
glasses rnay be described a» lov-alj|i|n^; 'caLciua silicat. 
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glMSM laasaoeh as thm calciuxi# in many inscances , 13 
present in about the aama quantity^ on a weight basia, as 
is the silica. 

The alkaiine-resistant glass composition may be 
r eadi 1 y f oroed-by al xlng~ca Tc^i ua^c^ ~ 
naturally occurring xeolite material. Many naturally 
occurring zeolite materials may be formed into glasses 
under appropriate conditions. The zeolites, as a glass- 
forming material, have many advantages. Maturally 
occurring zeolites have already undergone reaction and 
the various elements are intimately mixed and reacted 
with one another, Also, the zeolite materials are 
particularly useful inasmuch as they have a very Low 
sulphur content. In particular, very useful glass bodies 
may be formed by combining various quantities of calcia 
or calcia and magnesia combinations with a zeolite of the 
following compositional range: 

Silica - about 60% to about 351^. aluaiina • 
ateut 6% to a6e<itpXfli^rffV29!C^ about 31, 

calcia - about 0% to about LSI, magnesia - about 0% to 
^about 5%, jSiiSSiTO 'aBftqgggf; :aa^^ - 1% to 

'5%, With the percentage expressed being in weight per 
cent . 

Naturally occurring, pre-reactad zeolites 
useful in the instant invention are those specially 
selected or treated to have a low iron oxide (PeO ^^2^2 
Pe304) content. Preferred naturally occurring zeolites 
are those having an iron oxide content no greater than 
about 1.5% by weight and especially those with an iron 
oxide content less than about 1% by weight. Some 
deposits of naturally occurring zeolites contain Less 
iron oxide than other deposits. For the purposes of ^his 
invention, zeolites with a low iron oxide content are 
preferred . 
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t^:a iroa oxida content ot naturally occurring 
zaolitaa My be lowarad by chamical and/or mechanical 
traataant. Often iron oxide is present in depbaita as 

^^^^.'l^A^* ' w^ilch nay be sepArAtad .by_ M_gneti_c_moan3 . 

Matorally occurring zeolite tnateriala are finely ground 
and conveyed over a magnetic separator to reduce the iron 
oxide content to a value lesa than about 1,SI by weight 
and preferrably below U by weight. 

A further meana of treating the zeolite 
rnaterial ir.volvea dilution with very pure silica,, 
alumina, and the like. For example, while glasses of 
•/arious i\rcQs .uay be formed froia zeolite materials 
withou- addition of any other materials or by minor 
additions of selected materials to achieve certain 
properties m the resulting glass body. For purposes of 
the instant invention it is preferred that the zeolite 
.uatarial -oraprise less than about 50% of the batch ' 
materiala. In the event that the zeolite materials are 
the cnl/ .ran oxide containing matarials in the batch, 
then me zeolite proportion with respect to other 
.Tiaterials present should be selected to be such that the 
iron oxide content of the resulting glass is about 0,5% 
by weight or less, and particularly preferably less than 
about 0.4% by weight. 

In particular, it has been found that additions 
of from 30% to about 70% by weight, and in particular 
from about 30% to about 60% by weight calcium carbonate 
mixed with a selected or treated zeolite results, after 
melting of the finely ground material, in a glass having 
excellent resistance to an al)caline environment. Further 
more, these glasses advantageously melt ac temperatures 
from about 1250'C to about 1500*C. Also, glasses forzted 
by mixing a selected or treated zeolite with similar 
weight percentages of dolomite, i.e. about 30% to 70% by 
weight of dolomite, result in glasses having comparable 
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oroperties to those foraed by addition of caici'^ 
carbonata. Although carbonates are preferred reactants, 
other aaita or compounds of alkaline earth tnetals, 

especially caiciua and aagnesiuo, could be utilized. 

A glass-forming conposltion nay be readily 
foraed by aiixing finely ground limestone with a finely 
ground zeolite aaterial, such as the composition 
Ldencified above. The zeolite material. Inasmuch as it 
is a pre-reacted crystalline material, largely calcium 
al'ominam silicates, reacts readily and efficiently with 
the calcium carbonate of the limestone to form a glass 
composition having a high calcia Loading. Calcia 
Loadings of about 30% to 50% caiciua carbonata tend to 
provide 3iightL/ Lower melting points than loadings 
involving 50% to 70% by weight caiciua carbonate, based 
upon a weight of L00% equalling the total weight of the 
zeolite and calcium carbonate in the glass batch 
nater ials . 

The glass material, upon cooling, exhibits good 
physical properties, having strengths and other qualities 
substantiallyequivalent to a typical soda-lime silicate 
glass and having resijtance to alkaline solutions from 
about ten-fold to twenty-fold better than a typical soda- 
Lime xulicate window glass. Also, the resistance to 
Alkaline materials tends to increase as the calcia 
contcnn ircreases from about 30% to about 50% by weight 
OL caiciua carbonate in the mix and then tends to de- 
crease slightly with Loadings of 70% calcium carbonate 
contributing less resistance to dilute caustic soda than 
a glass '^izh 30% loading. 

3esides increasing the durability of the glass 
m alkaline environments, glasses having a relatively 
high calcia content have other advantages as well. The 
calcia addition tends to even out variances in the 
zeolit.e composition. Zeolites are naturally occurring 
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aateriaia and are aot horaogenoaa nor unifara in their 
coaposltion. Also, the zeolites contain iron which tends 
to contribute a brown color to the glaaa. Calcia, on tne 
other handr tends to contribute a light green color. 



which for aany purposes is preferable to brown colored 
glass . 

The zeolites contain relatively substantial 
quantities of water, that is, hydrated aatarials. 
Hydrated crystalline Mterials generally tend to .-nalt it 
a lower temperature. Thus, there are further advantages 
to beginning the glass-f oraing operation with a pre- 
reacted zeolite, rather than initiating it with silica. 

Tte Mitla? ran9M of tKe calcia-mdif led 
aiuminuia silicate glasses of this invention come within a 
range, i.e. abom.USd^C to About l50ft*Cr which permits 
the drawing of -glass fibers through platinum dies. The 
glass fibers could also- be formed by spinning or other 
techniques. However, formation of continuous strands is 
best accomplished by drawing through an orifice in a 
platinum or platinum-rhodium body. 

Fibers of the glass compositions of this inven- 
tion are particularly useful inasmuch as they rnay be used 
to strengthen bodies which are highly aitcaiine in nature, 
for example, cement and plaster. Such fibers raay also be 
used to strengthen organic matrices of various types. 

^BBB^^BB^^^S^SSanti5gOO»- neoiL^nasmuch as 

asbestos has been frequently used heretofore for that 
•purpose. Because of various health and/or environmental 
concerns, the use of asbestos is being discontinued. 
Continuous strands or mats of glass fibers having the 
glass com positions described herein effectively reinforce 
^iefHt^ ^liiq^ 'cmmmnt and" <»iwrtt*r Sb^s . 
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2XAMPL£ I 

A glaaa composition was prepared utilizng 
silira, aluaina , calciaa carbonate , aagneai'oa carbonate , 
_3oda jr and _pcta_ss ia_. _ Var io_u3_ aaoan t s __o f__iron_ oxi de^ver e. . 
added to this glass composition as indicated in Table 1. 
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1400 


1400 


1400 


1400 


1400 


1400 



Meitinq Tamp 

( 'c: 
Meir 

. StabLli-y excel, excel, good good fair fair 



The malting temperature for each glass composi 
tion was about 1400* C regardless oC the minor quantitie: 
of iron oxide included in the batch. 

The melt stability ot the glasses was generally 
acceptable so Long as less than about O.SI by weight iron 
oxide was present. 

The glass composition set forth in Table I is 
very similar to the composizion obcained frcm a nac- 
occurring zeolite to which a substantial quantity of 
calcium carbonate and a small amount of magnesium car 
bonate have been added. 
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Similar results can be achieved from si.-niLar 
glass compositions prepared from a naturall/ occurring 



Li 



zeolite which has been treated mechanicaLi/ or chemically 
to have a low iron content^ or diluted with other ingre- 
dients having subatantially no iron oxide content • 

— " r gXAMPLg II- 

Various glass compositions were prepared from 
substantially uacontaainated Ingredients having essen- 



tially zero iron oxide 


content . 


The compositions and 


properties of auch glass are set 


forth in Table 


II. 




TABLE 11 








Type A 


Type a 


Type C 


Si0 2 


48 


50 


50 




a 


10 


IS 


CaO 


35 


35 


30 


MgO 


3 


5 


5 


?e203 








Melting Temp. 


L450 


L450 


L500 


Alkali resistance 








i 5% MaOH, wt Loss %) 


0,7 


0.9 




Piberizability 


fair 


good 


good 


'«46r)cing range 


30 


50 


30 



The glasses see forth in TaoLs 11 are somewhat 
iiore refractory than the glass composition of Example I. 
Alkaline resistance of these glasses diminiohed wirh 
increasing silica ^ alumina contant and/or Lower CaO pLus 
MgO content. The alkali resistance of Glasses IIA and 
Iia was outstanding. 
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Other adjustaanta ia the proportions of oxides 
present in the reaulting glass material aiay be aiade by 
utilizing different starting materials or by varying ti.e 

^r^ portioa ^_of Ugred^^Qt^-i^ ^ 

Also, other ingredients nay be added to altar the conposi- 
tion to bm leas refractorr without adversely affecting 
fibertzability and stability of the glass melt. Such 
ingredients include fluxes such as soda^ potassia and the 
like and boria. 

The presence of substantial quantities of iron 
oxide nay be tolerated in glasses formed into beverage 
containers and various other non-cptical grade, non- 
fibrous uses. . However, the presence of iron oxide as 
0.51 by weight, and eep^cially about 1.0% by woight, of a 
glasa oolt readers thm aelt relatively unstable and 
subject to spootaneoos and rapid crystallixation over a 
wide range of teBp«raturee Glasses of this invention, 
however, containing less than about 0.51 by weight, 
particularly less than about 0.41, and especially less 
than about 0.251 by weight, are sufficiently stable that 
such rnolten glasses may be readily formed into continuous 
vitreous fibers. 



fEis^.'eosipQsitions for the purpose of 
the invention have a silica content of about 45% to about 
60% by weight, and especially about 45% to about 55% by 
weight; ^■fikiaa content o£ abeat 10% to about 20% by 

weight, and especially about 12% to about 13% by weight; 
a calcia content of about 20% to about 35% by weight, and 
especially about 22% to about 35% by weight; a magnesia 
content of about 0% to about 10% by weight, and espe- 
cially about 0% to about 5% by weight; wherein the 
CaO^NgQ content is about 22% to about 35% by weight, and 
especially about 2Sf to about 30% by weight. 

Some glass compositions may be less affected by 
the presence of iron oxide than the glasses of the inven- 
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ciofi/ which are characterised by a relatively high 
al)caline earth raetal oxide content, especially a high 
calcia content. Th^sa glasses have excellent alicaline 

re»l3tance_aiid„My„ba readily, foraed gron naturally 

occurring, pre-reacted zeolites oodifled with readily 
available materials* 'such- as limestone and dolomite. 

Industrial Apolicabili tv 
The outstanding tolerance to alkaline environ- 
.-nents render these glasses, especially in fiber or flake 
fora, as excellent reinforceneat aaterials for concerete , 
plaster and otrier inorganic Mtrices of an alkaline 
nature. This Is especially significant inasmuch as 
asbestos, wtiich has been a standard extender as rein- 
forcement -naterial in cement and concrete bodies, is 
considered undesirable because of the health hazard it 
Tiay present. 

Glass fibers foraed from glasses of this 
invention have particular utility as a reinforcement 
material for cementatious bodies, e.g. cement and 
concrete. Cementatious bodies exhibit enhanced strength 
when such bodies are reinforced with a minor amount of 
glass fiber, preferably from about II to about 10% by 
weight, and caore preferably about l.S% to about 7.5% by 
weight glass fibers of the type described herein, the 
fibers are included in cementatious bodies in sufficient 
amount to enhance the strength o£ such bodies . 

TUS^mUs of .thi«^ tnventiofv hAv« excellent 
resistance ta inisture degradation and do not d#9rade or 
deteriorate during normal or extended storage periods. 

The Toif saifate content of naturally occurring 
zeolites is important in their utilization as ingredients 
in glass-foming processes. Sulfates tend to degrade 
during glass nalting conditions # yielding sulfur dioxide 
and other objectionable sulfur compounds. Snvironraentai 
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concerns ailitite against use in glass-oaJeing processes 
of any caw .Tiaceriai containing sulfates, sulfites and 
ot.ler sulfur compounds. 

.-^^j-^?_J^tarials p^vtde an excellent jiourca 



of silica and minor quantities of alumina, calcia and the 
liJea. Very useful glasses may ba formed from glass - 
forming batches having at least about 20% by weight of a 
reolite aaterial present. Frequently, 35% by -wight up 
to about 70% by weight of a zeolite material may be 
advantageous Ly included in a glass-forming batch. 

Although the instant invention has been 
descri=«d ta ^.aving relatively high Loadings of calcia, 
it 13 -.3 :e recognized that at least minor substitutions 
of ocner dikaline earth metal oxides in lieu of calcia 
may be ^de . ?or example, magnesium compounds, partic- 
ularly ■saqnesj.um carbonate may be substituted for at 
least 3oae of the calcium carbonate in preparing a batch 
for .-aeiri.nq -.nto an allcaline-resistant glass. Similarly, 
bari'ua and strontium compounds may be substituted as well 
a« beryL:i.ia compounds, many of which are naturally 
occurr:.-.g -aaterials found in the same geographic regions 
as zeo 1 i ts3 . 

The oxides of alkaline earth metal elements are 
not considered glass formers, which is a term applied to 
elements having a valence greater than three, e.g. 
silicon, boron, andphosphorous , which may form three- 
dimensional networks with their oxides, namely, silica, 
boric oxide, and various oxides of phosphorous. Alkaline 
earth metal elements, being divalent, are more tightly 
bound in a glass than are alkali metal elements. 

Sources of alkaline earth metals to form oxides 
i.n the glasses of this invention are as follows: 
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AlJcaline garth Mgfcal Comiysund 
Calciua Carbonate 

Magnesium Car^nate 
MagnesiojD Silicate 
aari-oa Carbonate 
Stxontiun Carbonate 
3eryLii'affl Aiuminoa Silicate 
Sources of calcium and oiagnesiua carbonates are 
generally aore plentiful and cheaper than sources of 
barium, stronti'um or beryllium compounds. Also, beryl- 
lium metal is considered toxic, although beryllium oxides 
bound within a glass body are not hazardous. 

It is noteworthy that the zeolite-derived 
glasses of this invention have good working properties 
and strength in addition to outstanding alScaline resis- 
tance. These glasses aay be used In any form, e.g. 
containers, sheets, and the lixe, and especially as 
fibers. These low iron oxide glasses say be used as 
flakes, bubbles (microspheres), fibers and the like to 
reinforce organic or inorganic matrices, especially 
cement , plaster and the like. 

Aluminum may be included in the glass batch as 
alumina; aluminum silicates, e.g. from aluminosilicate 
glass cullet; or as naturally occurring materials such as 
kaolin, montmorillonite , and the like. 

Zirconia may optionally be present in the fiber 
glass. Minor quantities of zirconia in the glass :TTay 
result from melting the glass in zirconia containing 
crucibles or through the addition of a zirconi'-im 
component such as zircon or a zirconium silicate or 
zirconia containing glass cullet. 



Source 

Limestone 

Marble 

Chalk 

Dolomite 

Serpentine 

>ietherite 

Strontiani te 

3eryl 
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Soda and pctassia aro o£ten present in che 
glasses of the instant invention in amounts up- to about 
5% by weight o£ either, with amounts of about ll to aboat 
3% by weight of each being present and ^a combined axoount 
of about 21 to about S% by weight being usual. In 
instances that boria is present, the total soda, 
potassia, boria content is within the range of about 3% 
to about 10% by weight. 
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Claima 

1. An aiJcalina-reaistant glass comprising: 
s ilica - abou t 30% abou t 601 by msi ght; ' 

aluaiaa * about 21 to about 20% by weight; 
3 calcia - about 13% to about 60% by wtaight; 

tnagnaaia - about 0% to about 30% by weight; and 
wherein calcia plua magnesia is about 20% to about 60% by 
weight, and the iron oxide content of said 
glass is less than about 0,5% by. -i^ight 
f calculated as FeO). 

2. The glass of Claim 1 wherein the aluaina 
content is in the range of about 10% to about 20%, and 
the ?e203 concent is less than about 0.25% by -weight. 

13 

3. The glass of Claim 1 wherein the calcia 
content is in the range of about 22% to about 60% by 
weight . 

^- The alkaline-resistant glass composition 
of Claim L wherein the respective ingredients are present 
in the following amounts: 

silica - about 45% to about 60% by weights- 
alumina - about 12% to about 20% by weight; 
-2 calcia - about 22% to about 30% by weight; 

magnesia • about 0% to about 10% by weight; and 
wherein calcia plus magnesia is about 22% to about 35% by 
weight. 

5. A glass batch composition for forming -he 
glass composition of Claim 1 which comprises at Least 
about 20% by -weight of said batch as at least one 
naturally occurring, prereacted zeolite. 
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^. The giaas batch composition of claim 5 
wherein said glass batch composition includes at least 
one added al^caliae 'earth metal component. 

7. The glass batch composition of Claim 6 
wherein 3aid reollte is present as about 201 to about 70% 
by weight and said glass composition includes at least 
one added al'dminua component. 

^. The glass batch composition of Claim 7 
wherein said glass batch includes an added component of 

al'umir.'jji . 



. The glass batch composition of Claim 8 
wherein said glass batch composition includes an added 
boron rc3Tponenc 

.3. An aUcalintt resistant fiber glass 

cooqpr ising : 

Si02 - about 45% to about 55%; 
AI2O3 - about L2% to about 13%; 
CaO - about 22% to about 30%; 
MgO - about 0% to about 10%; 

whMttin CaOfr^M^O is about 22% to about 35% and wherein 
said glass has an iron oxide content less than 
about 0.5% by weight. 

LI. The fiber -glass of Claim 10 wherein the 
CaO ^ MgO content is about 25% to about 30%. 

1.2. The fiber glass off Claim 10 wherein the 
iron oxide content is Less than about 0.25%. 

L3. The fiber glass of Claim 11 wherein the 
glass consists essentially of silica, alumina, calcia. 



^5/023 9* 



PCT/'US&4/01905 



-L9- 

and magnesia in che 3taced amounts and ainor quantities 
of soda and/or potassia and boria. 

L"4v ~r Q a calcia aluoiaosilicat«-f ib«r- glass 
foraad fron glass batch materials containing substantial 
quantities of silicoar aluoinunif and calcium components # 
the ioproveaeot comprising selecting compoaents vhich 
have a sufficiently lov iron content such that the 
resulting fiber glass has an iron oxide content of less 
than about O.SI by weight. 

15. Trie improvement of Claim 14 werein said 
iron oxide content is Less than about 0.25% by '^ight. 

16. The improvement of Claim 15 wherein said 
iron oxide content is less than about 0.11 by weight. 

17. The improvement of Claim 14 wherein a 
substantial quantity of said silicon, alaniinuffl and 
calcium component content is provided by a naturally 
occurring, pre-reacted zeolite. 

13. The improvement of Claim 14 wherein said 
zeolite is present as at least about 20% by weight of 
said glass batch materials. 

19 .^"^Peenentatioue body containin? a ninor 
amoMm^^k^[qjLMM% ^^ers containing the cotspoeition of 
CUia 1. 

20. A cementatious body containing a minor 
amount of glass fibers containing the composition of 
Claim 2. 
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21. A cemantatious body containing a minor 
amount of glass fibers containing the composition of 
Claia 3. ' ' " 



22. A cemantatious body containing a minor 
ajDount of glass fibers containing the. composition of 
Claim 4. 

23. A cemantatious body containing a minor 
glass fibers containing the composition of 



amount of 
Claim 10. 



24. A cementatious body containing a minor 
aioount of glass fibers containing the composition of 
Claim L2. 

25. A cementatious body containing a minor 
amount of glass fibers containing the composition of 
Claim L4. 

26. A cementatious body containing a minor 
amount of glass fibers containing the composition of 
Claim L5. 



amount of 
Claim 16. 



27. A cementatious body containing a minor 
glass fibers containing the composition of 
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AMENDED CLAIMS 

(received by the Intemiuonai Bureau on IS March 1935 (:3.03 35) 



1. A ccmposition useful for forming glass fibers 
having high alkaline resistance comprising: 

_ ^ substantial quantity of naturally occurring 

pre-reacted seolite, said zeolite comprising minor 
quantities of iron, sodium and potassium, and 
substantial quantities of silicon, aluminum, magnesium 
and calcium components capable of forming silica, 
alumina, magnesia and calcia under glass- fozrming 
conditions; 

significant quantities of aluminum and 
calci--Lm components capable of forming alumina and 
calcia under glass- forming conditions, said aluminum 
and calci'um components being in addition to any such 
components present in said reolite being essentially 
free of iron; 

• wherein the proportion of said additional aluminum and 
calcium components to said zeolite being such that said glass 
fibers comprise less than about 0.5% by weight iron oxide, 
calculated as ceO. 

2. The composition of claim 1 wherein said 
zeolite comprises less than about 1.5/J by weight iron oxide, 
said iron oxide comprising FeO, H^e^O^ and S'e30^. 

3. The composition of claim 2 wherein said 
zeolite comprises less than about 1% by weight iron oxide. 

4. The composition of claim 1 wherein said 
composition comprises additionally a boron compound, which 
is essentially free of iron, in amounts such that said glass 
fibers comprise a soda, potassia and boria content of about 
3% to about 10% by weight. 
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5. The composition of claim 1 wherein sai 
zeolite ar.d said additional aiuainum and calcium ccmponent 
are present in" proportions such that said glass fiber 
comprise about 30% to about 60% by weight silica; about 2% t: 
about 20% by weight alumina, about 13% to about 60% by weigh- 
calcia. about 0% to about 30% by weight magnesia, and aboui 
20% to about 50% by weight calcia plus magnesia. 

5. The composition of claim 5 wherein said glas: 
fibers r:-pr:3a about 10% to about 20% by weight alumina anc- 
■ass -.-a.-. i = cut C . 2S% by weight S^ejO^ . 

The composition of claim 6 wherein said glas: 
fibers t:-=r;.'a from about 20% to about 35% by weight calcia. 

i. The composition of claim 7 wherein said glasj' 
fibers ::rtcri3e about 45% to about 50% by weight silica, 
about ::?; -.z about 35% by weight calcia, about iD% to about 10?! 
by weizht -.aqnesia, and about 22% to about 35% by weight 
calcia cius .T.agnesia. 

9. The composition of claim 3 wherein said glass 
fibers c;nprise from about 4S% to about 55% by veight silica, 
and about 12% to about 18% by weight alumina. 

10. The composition of claim 9 wherein said 
composition comprises about 25% to about 30% calcia plus 
magnesia. 

11. The composition of claim 9 wherein said 
ccmposition ccmprises Less than about 0.25% iron oxide. 

12. The composition of claim 10 wherein said glass 
fibers consist essentially of silica, alumina, calcia. 
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magnesia, and minor quantities of soda and/or potassia and 
boria. 

^ 13_. — The-- compos i-tion — of - ciaia^i- "wherein" "said" 

. composition comprises at Least about 20% by weight said 
zeolite . 

14. A cementatious body containing a minor amount 
of said glass fibers of claim 1. 

15. The cementatious body of claim 14 wherein said 
zeolite and said additional aluminum and calcium components 
are present ir. proportions such that said glass fibers 
comprise about 30% to about 60% by weight silica, about 2% to 
about 20% by weight alumina, about 18% to about 60% by weight: 
calcia, about C% to about 30% by weight magnesia, and about 
20% to about 60% by weight calcia plus magnesia. 

16. The cementatious body of clai.m 15 wherein said 
glass fibers comprise about 10% to about 20% by weight 
alumina and less than about 0.25% by weight Fe^O-^ . 

17. The cementatious body of claim 16 wherein said 
glass fibers comprise from about 20% to about 35% by weight 
calcia. 

18. The cementatious body of claim 17 wherein said 
glass fibers comprise about 45% to about 60% by weight 
silica, about 22% to about 35% by weight calciav about 0% to 
about 10% by weight magnesia, and about 22% to about 35% by 
weight calcia plus magnesia. 

19. The cementatious body of clai.m 18 wherei.n said 
glass fibers comprise from about 45% to about 55% by weight 
silica and about 12% to 18% by weight alumina. 
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20. The ceraentatious body of claim 13 wherein sai 
glass fibers comprises less than about 0.25% iron oxide. 

-11-- - -ta-a„caicia-aluminosilicata -fiber- glass-forme 



from a composition containing substantial quantities of 
naturally occurring reollta, and additional aluminum an 
calcium components, the improvement comprising: 

selecting said components which have 
sufficiently low iron content such that said fiber glas 
ccmprises Less than about 0. 5% by weight iron oxide, 

22. The i."nprovement of claim 21 wherein said fibe 
jliss ror.prises Less than about 0.25% by weight iron oxide. 

23. The i.-nprovement of claim 22 wherein said glas 
fiber rcrr.pnses Less than about 0. 1% by weight iron oxide. 

24. The improvement of claim 21 wherein 
substantial quantity of silicon, dlurainum and calcium of sal 
fiber :;Lass is provided by said zeolite. 

25. The improvement of claim 21 wherein sai 
si-ion comprises at Least about 20% by weight sai 
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26. A cementatious body containing a minor amount 
of glass fibers of said fiber glass of claim 21. 

27. The cementatious body of claim 25 wherein sai 
fiber glass comprises less than about 0.25% by veight ire 
oxide. 



23. The cementatious body of claim 27 wherein sai 
fiber glass comprises Less than about 0.1% by weight ire 
oxide . 
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STATEMENT UNDER ARTICLE 19 



Claims 1-2 7- have been replaced by new clai.-ns 1-28 to clearly define 
the claimed mvenncn over the prior art. Applicant submits that the 
invention as currently claimed is novel and unobvious over the 
references contained :n the International Search Report. 



I 

I 



INTERNATIONAL SEAP^ REPORT 



INT. CL. ^ C03C 3/0i*» 13/00; C0i»3 7/02 
U.S. CL. 106/99: 501/27. 35. 70, 73 



il06/99 

I'S 50 1 /27, 35 . 70 , 73 



UL aOeUMIMTS COMSIOIfflO TO tl MUXVANTM 



C«U««rp • I 


CllSOOA 9# Oocwm< 




1 Rf4«v«m to 0«Jm MA. I* 




'JS, 


A, 


^ ."=1 


7 .350 


Published 29 August 1972, 


I 

1 1-27 






^ f 






? u 1 1 i s n e ^ 16 3 e p , eT/s e r 
::wer 


i 1-27 

1- 


X..' 










'•-bLishecl 03 January 1973, 


' 1-27 


X,-.' 


-3 , 


t 


N' e e - 




-■-tlisned 22 April 1980. 


! 1-27 


x.r 




A , 






'jDlisned 3 1 inarch 1975 


1-27 


X.Y 










"ibllshed 13 January 19*^7 


i 1-27 

1 


X,Y 


w . , 








Published 2^ January i978 


; T-27 


X.Y 


* O 


A , 






Published il January 1980 


i 1-27 

i 


x.-f 


■ 0 


A , 




-5-52 


Published 20 January 198 l 


i 1-27 



"A* 4ocu4MKt d«llMA« tit* 9mm m tut* «i tn« trt «ftien no« umitrmrvi tM onncioM oc iam^v ««AdM«T*'*f t*** 

-f* MTitor tfocuAKM •<« m M ii m on or «nor mm mtomooonal doewmoiM o« tunic ul if rt««*«AC»t tii« eUUft«« tftwttoA 

' ctiuiot bo tW9»4mm or einnoi m co«»«»r»* 



"XJ^ dOCWin«Mt wMcti tnre* douOti o« onont* citifnfti or .rt»o»»o on iitvanttvo tto# _ 

oMcn 10 Cfto« to oosMHtfi mo owOMCotton 4«to of anotnor .y documofU of oArtcuttr ro*ovo«tc*: tno ctai'«i«4 titvontton 

aUttOA or otAor imkmi r««oon (ao tooci/todl caimM M conMorori to ift«o*«« an iatoaov* waoa tno 

-O- iocuitiOM raforrwif to ««i orM oiacloouro, uao. ttftioition or (Joeymow i« ^^iiinit^^^l^^^^T^*^*^^,^^ 

otnor mooito mom*. twcA eom»»««0«« aomooo lo o Borwi .-i*^ 

•P* documom ouoUtHo* onor to t^o mtomaoonoi r-iing data but "* 

lator tftoii ino pnom* aoto etawno* 4" Jocumom mwnoor ot ma soma oaio«i 



IV. CIimriCATION 



Ooto ol tno Actual Co w oaocow ot tn* intomoaonai 3«arcn • • Oato ol Moillii« of iWa Intomottorw* $o«e« «aoon • 



15 Jan uary 198 5 

9. 8 JAM .uCO 



Intomooonoi Soorcmng AtftAomv * Si^natv* ** A«ti*ortt*4 Offleor . 

ISA /US 1 M^r^i^ ^al 1 ^ 



I vcrn^A/Tio fMcofM tAoMt lOetooor tigi> 



r 



nwmo mom thz 3icoMoT!!«rT 



X/f G3, A, 2,C33,3m Published ^7 Marcn '982 

WO. A. :t082/03336 PubLisned : i* 0c:cb9r -^32 
: ^^ 3ANBA ec al.; "Safecy Evaluaticn of 

^^^^^^ ^tabili:/)-, from INIS Atori * 
index 1930 n(2M Abs:racc Ho. 571 744 
lOkai Pes EstabI, Japan Ac. Energy'pes. 

t^^l' ^^9^^* Pepor: 1930, JAEPI-.-w. 

- .-^-6 ,- 20— pages — ■ 



■ - r a r 



t I • Claim numo«rt 



.« r««o«<i of ctrram cUims wnd»r Artlct. 17(71 U» for ih« foilowtn^ r»«»oni: 



' I ^ At tU r*qutf«« 

3f tn« >nt*m«o«iiai 



*•« nm.i, „.d By th. .oohcant. tni. .m#r«,«o««l .M/en r..on co.ft «.t .••/en.oi* euim. 

2.;_^ At oniT Mm* «« 019 fMUX Ttannrui iMfrn 

tMt« cum o« ttWtmwMd^ Mr JI!^^ *^ ""•"'•tio«l toren r«o«rt co*»f« o«*t 

™— ^ ■■■mjuufi for wntch ••• o«id. locetAetUv cJ«im«: 



— .«».ta oaTfflafii of any aodiwi fJT '""•^"'O 
^tmara on Protoot 

Tha addiUonal taarcn faao 



an aodinonal ft*, tn 



•cc«me«niad *y aoeticanrs orotatc 
No orotaat aecomo.ft.ad .pi, oaym.« of aodraona. r^. 



Form PCT/tSA/3to (suo»*am«firaJ tiiMf (2» (Oetooa* iMU 



! 
1 

i 

I 



